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Throughout Indonesia the incidence of natural disasters has been increasing in frequency 
for the last twenty years. In 1999 there was just 56 natural disasters recorded, this increased 
to 2,572 natural disasters in 2018, with over 51% of the natural disasters in that year being 
the direct result of water related issues. The provision of water after these disasters is of 
paramount importance to reduce the health impacts associated with the lack of potable 
water, such as diarrhoea, cholera, dysentery and typhoid. 
This thesis explores the different techniques used to treat various qualities of feed water 
into potable water and assesses the suitability of each technology for use in a first response 
disaster relief situation. The technique investigated throughout this thesis is reverse osmosis 
membrane desalination coupled with an energy recovery device. 
In this study, a water treatment unit is designed that is portable, easy to use, fully self-
contained and able to be fully powered off grid, without the use of fossil fuels. The 
treatment unit has also been designed to be easily maintained by local people, with parts 
readily available from local parts suppliers. This unit is capable of producing 285 litres of 
potable water per hour using a maximum of 1136 W of power, while running on 24 V DC 
current. 
This unit has the ability to provide fresh potable water for 760 - 912 people in a survival 
situation providing minimum drinking water, based on a minimum water intake for food and 
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1 Introduction 
Around the globe there are more than 1.1 billion people that do not have access to 
clean drinking water [1]. Despite 70.8% of the surface of the earth being covered in water, 
97% of this is too saline to drink [2]. Of the remaining 3% that is freshwater, most is locked up 
in glaciers and snow, with only 0.36% of the total water available for human consumption 
from rivers, lakes and groundwater [2]. These resources are continually getting strained and 
disrupted as the population grows and the climate changes. 
Every year more than 226 million people are affected due to natural disasters around the 
world [3]. In Indonesia in 2018 there were 2,572 natural disasters, as shown in Figure 1. Of 
these 1,317 were caused by water related issues, either too much water, in the case of floods 
and tsunami, or not enough water, in the case of droughts [4]. These natural disasters had a 
significant impact on the people of Indonesia, with 4,814 fatalities, 21,083 injuries and 
10,239,533 people displaced [4].  
The incidence of these natural disasters is continually rising, as can be seen in Figure 2, with 
there being a noticeable upward trend developing over the last 10 years. With this increase 
in natural disasters, and the ensuing lack of access to potable water, the need for portable 
water treatment solutions is also becoming greater. Desalination is playing an increasingly 
important role in the provision of this water, with its ability to treat large amounts of saline 
water to potable water standard. However most desalination systems require large amounts 
of power and trucks in order to transport them into disaster areas and are designed to be 
operated by highly trained individuals. The work contained within this thesis tackles these 
issues and provide potable water in a small portable unit that is powered by renewable energy 
and can be operated with little training. 
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Figure 1. Number of natural disasters in Indonesia in 2018 [4]. 
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2 Background 
2.1 Current Provision of Water in Disaster Areas 
 During a natural disaster, water is essential for survival. Insufficient quantity and 
quality of water have the potential to cause significant health issues both by drinking 
contaminated water and through lack of hygiene. There are two guidelines for the provision 
of water in a disaster situation provided by the Sphere Project [5] concerning water quantity 
and water quality. Sphere prioritise the quantity of water over the quality as it is more 
important to provide basic water needs at a lower quality than to provide water at the best 
quality but in insufficient amounts. Summarised below in Error! Reference source not found. 
are the necessary quantities of water needed per day. 
Table 1. Basic Survival Water Needs in Litres per Day (lpd) [5] 
Water use Minimum Requirement (lpd) Notes 
Survival needs: water intake 
for food and drinking 
2.5 – 3 Depends on the climate and 
individual physiology 
Basic hygiene practices 2 – 6 Depends on social and cultural 
norms 
Basic cooking needs 3 – 6 Depends on food type and 
social and cultural norms 
Total 7.5 – 15 lpd  
 
Secondary guidelines are also provided by Sphere that stipulate that the distance from a 
household to a water point should be approximately 500 m and that there should be a waiting 
time of no longer than 30 minutes [5]. 
Currently water in disaster relief situations is provided in many different ways. These can be 
classified into two different types; first response or point of use (POU), where only the needs 
of basic survival need to be met, and small-scale community treatment, where more water is 
produced in order to satisfy larger community needs [6]. 
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The systems that are currently provided in disaster situations vary greatly depending upon 
the type of natural disaster that has occurred and the type of water that is available to be 
treated. Currently, very few machines can treat freshwater, brackish water and saline water.  
One such company that does claim to be able to treat all three sources of water is Aspen 
Water [7]. One unit that is offered by Aspen Water has a capacity of 5,678 lpd for seawater 
and up to 7,570 lpd for fresh/brackish water, weighs 190 kg and has a maximum power 
consumption of 1200 W. However, some limitations have been identified with this unit. In 
order to power the unit, a generator will need to be run, or solar photovoltaic (solar PV) panels 
and batteries are required to be purchased separately in order to run the unit at 24 V, thereby 
this unit is not entirely self-contained. 
This unit also contains technical and specialised parts that can only be sourced from the 
manufacturer. If any of these parts were to break in the field then the unit would be rendered 
useless until a new part is sourced from another country, or spare parts would have to be on 
hand at all time, meaning increased operational and maintenance costs. There is also the lack 
of pre-treatment before the membranes, with only a single cartridge filter being used. While 
having a single cartridge filter will complete the intended job adequately when preparations 
can be made and a suitably clean water source found, in a disaster situation where waters 
can have a very high silt index, the cartridge filter would get clogged and need replacing 
frequently. 
This thesis aims to improve upon this system by decreasing the complexity of the design and 
the technical knowhow needed in order to operate the unit, while also increasing the amount 
of local parts, the portability and the longevity of the unit. 
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2.2 Feed Water Resources 
 Water can be classified into four different types; freshwater, brackish water, saline 
water and brine [8]. The classification of the waters is dependent on the amount of total 
dissolved solids (TDS) contained within the water source, as shown in Error! Reference source 
not found.. TDS comprises inorganic salts, such as calcium, magnesium, sodium, potassium, 
bicarbonates, chlorides and sulphates, and small amounts of dissolved organic matter and is 
measured in milligrams per litre [9]. The TDS of the feedwater determines the treatment 
processes and techniques that must be used in order to treat the water for its intended use. 
Table 2. Classification of water by TDS concentration [10, 11]. 
Classification TDS (mg/L) 
Freshwater < 1,000 
Brackish water 1,000 – 10,000 
Saline water 10,000 – 60,000 
Brine >60,000 
 
Freshwater with a TDS of less than 1,000 mg/L is generally found in rivers and lakes and also 
the permeate water produced from desalination.  
Brackish water can be defined as any water that has greater dissolved solids content than 
freshwater, but less than 10,000 mg/L TDS [10]. There are two main ways that water can 
become brackish, naturally or by anthropogenic factors. Natural factors leading to brackish 
water include the dissolution of minerals and salts from surrounding soils and the flow of 
freshwater into tidal rivers and estuaries where the freshwater dilutes the higher salinity 
seawater. Anthropogenic factors that lead to the salinisation of water include saltwater 
intrusion caused by the over-extraction of groundwater, removal of trees and other 
vegetation resulting in less rainfall and less dilution of waters [9]. 
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Saline water has been determined to be water that contains a TDS of between 10,000mg/L 
and 60,000mg/L. There are a few sources of water that fall within this category with the 
primary source being seawater. Seawater composition varies globally between locations and 
can have a TDS ranging anywhere from 28,000 – 50,000 mg/L TDS, with the average being 
34,000 mg/L TDS [11, 12]. A breakdown of the chemical components of seawater is given in 
Error! Reference source not found.. 
Brine water has a higher TDS than the average ocean water due to a number of factors. For 
example, oceans, seas and lakes that are closed to outside sources of water or receive very 
little fresh water to mix with in the form of streams and rivers emptying into the area. 
Table 3. Typical composition of seawater with a salinity of 36,000 mg/L [9] 
Compound Mass Percent mg/L 
Chloride 55.03 19,810.8 
Sodium 30.61 11,019.6 
Sulphate 7.68 2,764.8 
Magnesium 3.69 1,328.4 
Calcium 1.16 417.6 
Potassium 1.16 417.6 
Carbonic Acid 0.41 147.6 
Bromine 0.19 68.4 
Boric Acid 0.07 25.2 
Strontium 0.04 14.4 
Total 100 36,000 
 
2.3 Quality of Drinking Water 
 There are currently no health guidelines for TDS in drinking water; however, the 
Australian water guidelines for drinking water palatability consider water with a TDS of 
below 600mg/L as good [13, 14]. The palatability of water is an important consideration as if 
the water is unpalatable, then health implications could follow. This may be because people 
may choose not to drink the water provided, instead choosing to drink from untreated 
sources.  
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Error! Reference source not found. shows the palatability ratings of water based on their 
TDS. 
Table 4. Palatability of water based on TDS [13] 
TDS (mg/L) Palatability 
0 - 600 Good 
600 - 900 Fair 
900 – 1200 Poor 
> 1200 Unacceptable (unpalatable) 
 
2.4 Techniques for Desalination 
 Desalination is the process of extracting fresh potable water from a water source that 
is high in salt and mineral content. Two principal techniques are used to achieve desalination; 
thermal techniques and membrane techniques, with each containing a number of different 
technologies. Thermal techniques use thermal energy to evaporate feed water, this vapour is 
then condensed for potable use, while membrane techniques use semipermeable 
membranes to minimise the transfer of dissolved solids through the membrane [15].  
2.4.1 Distillation/Thermal Technologies 
 The use of thermal technologies to produce potable water is the oldest method of 
desalination and involves the heating of feedwater in order to cause evaporation of the water. 
This process leaves behind any salts and minerals contained in the feedwater. The vapour can 
then be captured and condensed into potable water [16]. This process happens naturally and 
is the principle behind the hydrological cycle [12]. 
2.4.1.1 Solar Distillation 
 Solar distillation is the simplest way of creating potable water as it requires no external 
energy input apart from the heat from the sun. A clear enclosure covers a shallow basin of 
water with a slanted roof. As the sun penetrates the enclosure, it heats the water, causing a 
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portion of the feedwater to vaporise. As the vapour rises, it condenses on the ceiling of the 
enclosure where it will eventually make its way down the ceiling to the collection gutter at 
the edge of the enclosure. The efficiency of typical solar stills is a maximum of 35%, with daily 
production around 3-4 L/m2 [16, 17]. 
2.4.1.2 Multistage Flash 
 Multistage flash (MSF) distillation uses both heat energy as well as electrical energy in 
order to produce potable water. It works on the principle that water will boil at higher 
temperatures under pressure and when this pressure is reduced, the water will immediately 
boil and “flash”. It also involves numerous chambers joined together [16].  
The seawater feed flows through the various chambers, gaining heat as it passes through the 
heat exchangers located at the top. This feed passes through a supplemental heating system 
before flowing back through the series of stages, where it is known as brine to distinguish 
between the streams. As each chamber is at a lower temperature and pressure than the 
previous chamber as the brine enters the brine instantly boils, causing a portion of the water 
to vaporise, or “flash”, into steam. This vapour then condenses on the heat exchanger at the 
top before being collected as distilled water. This process continues until the ambient 
temperature and pressure are obtained [16, 18] 
Current commercial MSF plant designs have between 10 – 30 stages, with each stage being 
held at a pressure which corresponds to a specific boiling temperature (usually a 2 oC 
temperature drop) and requires a heat input, usually steam, at 100 oC [16, 18] 
2.4.1.3 Multiple Effect Distillation 
 Multiple effect distillation (MED) work on the same principle as MSF, with both having 
multiple chambers that stay at different temperatures and pressures. However, there are 
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some key differences. MED plants pipe steam through tubes in the chambers and feedwater 
is sprayed onto these. This causes the feed to vaporise, while also condensing the steam in 
the tube which is collected as distillate. This distillate passes through another heat exchanger 
to return the heat to the feedwater, while the steam collected from the flashing and boiling 
of the feedwater is then captured and becomes the steam used in the following chamber. Any 
feedwater that is not vaporised transfers to the next chamber and the process starts over 
again, continuing until the exit temperature and pressure is at ambient conditions [15, 16]. 
This process requires both heat energy and electrical energy and is usually supplied with 
steam at 70oC at the start of the process. Most of the distillate is collected from the boiling of 
the feedwater rather than the flashing of the feedwater [16, 17]. 
2.4.1.4 Vapour Compression 
 Vapour compression is often also coupled with MED as when vapour is compressed, 
it raises the temperature significantly. This allows it to be used for the same tank of water 
that produced it [17]. The vapour can be compressed in two ways, by mechanical compression 
or by thermal compression. 
Mechanical compression uses a diesel engine or an electric motor in order to drive the 
process, whereas thermal compression uses the steam itself to drive the compression process 
[16]. 
2.4.2 Membrane Technologies 
 There are various types of membrane technologies that developed over the years, all 
with their advantages and disadvantages and what quality of water they can treat. However, 
the principles in which these membranes work is the same across them all. All membranes 
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consist of a semipermeable membrane which have different pore sizes. The larger pore sizes, 
the larger the molecules that can pass through the membrane easily [16, 19]. 
The membranes that are used for desalination are reverse osmosis membranes and electro-
dialysis membranes. 
2.4.2.1 Reverse Osmosis 
 Reverse osmosis (RO) membranes are based around the principle of osmosis, where 
two solutions of differing TDS, are separated by a semipermeable membrane. The solution 
with the highest concentration of salts draws the pure water across the membrane until the 
osmotic pressure reaches equilibrium between both solutions. As can be seen in Figure 3, if a 
pressure that is greater than the osmotic pressure is applied to the solution with the higher 
TDS (i.e. the saltwater), then pure water from the saltwater will be drawn across the 
membrane to the freshwater side [15, 16].  
 
Figure 3. Principle of osmosis and reverse osmosis (Anthony Bennett) [15] 
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2.4.2.2 Electro-dialysis 
 Electro-dialysis (ED) also uses membranes in order to separate ions, however, unlike 
RO membranes, the salt ions are carried through the membranes meaning only freshwater is 
left behind. In order for this to happen, two types of membranes are required, a cation 
membrane and an anion membrane. These membranes are stacked together with spacers 
and an electrode placed on the outside of the respective membrane. A charge passes through 
the electrode which draws the cations and anions through their respective membranes, 
leaving fresh water behind as can be seen in Figure 4 [16, 17]. 
 
Figure 4. A simplified electro-dialysis process diagram [16] 
The energy requirement of ED is directly proportional to the salinity of the feedwater. This 
means that this technology becomes less feasible as the salinity rises past 6000 mg/L 
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dissolved solids and due to the low conductivity of very pure water, the energy requirements 
also increase thereby making it unfeasible at 400 mg/L of dissolved solids [16]. 
2.4.3 Energy consumption of different water classifications using membranes 
 The energy consumption of water treatment technologies varies significantly with the 
source of which the feed is drawn, with energy consumption increasing substantially as the 
concentration of TDS increases.  
Table 5 shows that the energy needed for seawater desalination is between ten to twelve 
times the energy required to treat conventional sources such as rivers and lakes and 
freshwater aquifers using membrane technology [20]. 
 
Table 5: Energy use of various water supplies using membrane technology [20] 
 
2.4.4 Energy consumption vs production between desalination technologies 
 The energy needed for desalination processes is rather large, dependent on the 
technology that is used in the operation. However, they all have a common theoretical 
minimum energy required to separate pure water from brine concentrate. Using 
thermodynamics and the van’t Hoff formula, the minimum work that is required has been 
calculated as 0.77 kWh/m3 for seawater with 33,000 mg/L TDS at 25 oC [21]. 
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However, the actual amount of energy required for desalination processes can be many times 
higher than the calculated minimum, with current desalination plants using anywhere from 5 
to 26 times the calculated minimum. The reason for this difference is both the technologies 
that are being employed and the need for other work to be done to keep the process 
continuous and not just the energy required in separation [22]. 
Overall energy consumption and water cost of the major desalination technologies can be 
seen in Table 6 below. Thermal processes such as MSF and MED require a lot more energy 
per m3 of potable water in the form of thermal energy as well as electricity than membrane 
technologies. Often the thermal energy required for these plants is supplied from external 
sources such as fossil fuels, nuclear reactors, solar or waste energy from other processes [22]. 
Brackish Water Reverse Osmosis (BWRO) uses the least amount of energy and produces the 
lowest priced water, using only 0.5 - 2.5 kWh/m3 and costing between 0.2 - 0.4 US$/m3. SWRO 
(Salt Water Reverse Osmosis) + ERD comes in at a close second with only 3 - 4 kWh/m3 of 
energy used and costs that are only slightly lower than MED. 
Table 6. Energy consumption and water cost of large scale desalination processes [23] 















MSF 7.5 – 12 2.5 – 4 10 – 16 1200 – 2500 0.8 – 1.5* 
MED 4 – 7 1.5 – 2 5.5 – 9 900 – 2000 0.7 – 1.2 
SWRO + ERD -  3 – 4 3 – 4 900 – 2500 0.5 – 1.2 
BWRO -  0.5 – 2.5 0.5 – 2.5 300 - 1200 0.2 – 0.4 
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2.5 Technology Background 
2.5.1 Water Treatment System Components 
 Water treatment systems comprise many different components, dependent on the 
type of water that is being treated. The main components of any water treatment systems 
are detailed below. 
2.5.1.1 Pre-filters 
 Pre-filtration of feed waters before any further treatment is essential in order to 
protect pumps from damage, to decrease the fouling of membranes and to provide constant 
feed water quality to aid in the efficient running of other treatment technologies. Pre-
treatment options vary significantly dependant on the water source characteristics and the 
quality of the water required. 
There are two main types of pre-treatment used in water treatment: conventional granular 
media filtration and membrane filtration. Granular media filtration is still the dominant pre-
treatment in large SWRO plants due to their ease of use and low cost, while membrane pre-
treatment offers some distinct advantages over conventional treatments [24]. 
For smaller-scale water treatment options, a combination of granular media filtration, 
cartridge filtration and carbon filtration can also be used for pre-treatment, each having their 
own set of advantages and disadvantages. 
2.5.1.1.1 Rapid Sand Filters 
Sand filters have been used in water treatment for centuries and due to their simplicity 
are still the dominant pre-treatment used today [25]. These filters use different sized grains 
of sand and other inert materials in order to filter out larger particulates and require regular 
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maintenance to ensure continued efficiency, requiring backwashing with fresh water in order 
to dislodge the particles caught in the filter [25]. 
2.5.1.1.2 Cartridge Filters 
Cartridge filters act in much the same way as rapid sand filters, whereby they create a 
physical barrier for particulates to be trapped. There are many different types of cartridge 
filters available; however, they all have the same ability to remove particles of a specific size, 
dependent on the size rating of the filter. 
2.5.1.1.3 Activated Carbon Filters 
Activated carbon (AC) filtration has been used for water treatment purposes since 
ancient times. It has the ability to remove many organic contaminants as well as some 
inorganic contaminants, such as free chlorine and monochloramine [26]. It is important that 
both of these inorganic compounds be removed from feedwaters if RO membranes are to be 
used as free chlorine will damage the membranes. 
AC filters also can remove many other contaminants, the type and quantity of the 
contaminants absorbed is highly dependent on the method of activation as well as the size of 
the material [25]. 
2.5.1.2 Desalination Membranes 
 Desalination membranes made their first appearance in industrial applications in the 
1960s. Since then, membrane technology has improved dramatically, with new materials and 
configurations continuing to be developed [27]. Three kinds of membrane modules are still in 
use today; plate and frame, hollow fibre and spiral wound membranes, each with their own 
advantages and disadvantages and suitable uses [17]. Only hollow tube and spiral wound 
membranes will be discussed here. 
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2.5.1.2.1 Hollow Fibre Membrane 
 Hollow fibre desalination membranes (HFM) were the first commercially available 
membranes. They work by utilising thousands of long, porous filaments that are arranged into 
a bundle to form a permeator. Because of this configuration, HFMs have a very large surface 
area, and uniform permeates flow through the membrane, with minimal pressure drop and 
can produce almost ten times the permeate as spiral wound membranes. However, HFMs 
tend to have irreversible fouling and can have fibre breakage under strain due to the flexibility 
of the fibres compared to spiral-wound membranes [17, 28] 
2.5.1.2.2 Spiral Wound 
 Spiral wound membranes are the most commonly used RO membranes today. They 
consist of two large sheets of a semipermeable membrane that are assembled to form a 
sandwich with a mesh permeate spacer layer in the middle. This is then glued on three sides, 
with the unglued side attached to a perforated permeate coil. On either side of this sandwich 
is a feed spacer layer; this creates a space for the feed to travel along the membrane and 
helps with the uniform flow along the membrane. The feed is then pumped in at one end of 
the membrane and concentrate appears at the other, while the clean water travels around 
the membrane until it reaches the central perforated permeate coil, as can be seen in Figure 
5 [28]. 
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Figure 5. Spiral wound RO membrane module [28] 
2.5.1.3 Freshwater Treatments 
 There are many ways to treat freshwater to potable water standards. In large scale 
treatments, sand filtration and flocculation are used along with the use of chemical 
disinfectant in order to maintain quality for extended periods [29]. 
In smaller, more remote locations, pressure and vacuum-driven membrane technologies are 
at the forefront due to not needing large amounts of chemicals to be transported, handled 
and controlled [29]. Three types of membranes are in common use; microfiltration, 
ultrafiltration and nanofiltration. The pore size, molecular weight cut-off and example sizes 
of solutes and particles that membrane technologies can remove are shown in Figure 6. 
Membrane filtration technologies also have an advantage over sand filtration in that they can 
cope with changes to water temperature, pH, turbidity, colour, pathogen contamination that 
is associated with seasonal changes in water quality [24]. 
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Figure 6. The different contaminants that membranes can remove based on their pore size [30]. 
2.5.1.3.1 Microfiltration 
 Microfiltration (MF) membranes are the oldest types of membranes and make up the 
largest part of the membrane field. MF has the ability to separate clay particles, bacteria and 
some viruses at the low end of its pore size range of 0.2 µm to several µm [31]. MF membranes 
also can be backflushed with either air or water in order to maintain throughput and reduce 
fouling of the membranes [24]. 
2.5.1.3.2 Ultrafiltration 
 Ultrafiltration (UF) membranes have many uses in treatment plants and work in a 
similar way to MF in that they work essentially like a sieve [32]. UF has a pore size that is small 
enough to retain soluble macromolecules and everything larger, such as viruses and bacteria 
but allows solvent, ions and other small soluble species through [31]. UF also has the unique 
ability to retain stable emulsified oils, while allowing the water and dissolved oils and free 
surfactants in low concentrations to pass through. This is of particular use to concentrate oil 
in water emulsions [31]. 
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2.5.1.3.3 Nanofiltration 
 Nanofiltration (NF) membranes are the newest of the freshwater membranes and 
have been incorporated into many processes. NF is akin to RO membranes in the way that 
they separate the contaminants from the pure water and are sometimes called “Loose RO” 
[31]. The advantage of an NF membrane is that very high quality water is produced, with all 
proteins, viruses, bacteria and even hormones to some degree all removed. However, one 
major disadvantage of NF is that pre-treatment is required to reduce membrane fouling [32]. 
2.5.1.4 Energy Recovery Devices (ERD) 
SWRO is an energy intensive process, with energy costs making up about 30 to 50% of 
the total production cost of water and up to 75% of the operating costs [33]. 
With the advent of ERD’s in the 1980s, the energy consumption of SWRO plants has drastically 
reduced as can be seen in Figure 7, with new, more efficient ERDs being developed all the 
time. 
 
Figure 7. Specific Energy Consumption (SEC) trend since the 1980's in SWRO plants [34]. 
ERD’s can be broadly classified into two different types depending on the mechanism in which 
they transfer the energy, centrifugal devices and positive displacement or isobaric devices. 
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2.5.1.4.1 Centrifugal Devices 
2.5.1.4.1.1 Francis Turbine (Reverse Running Pump) 
Francis turbines (FT), or the reverse running pump, was the first ERD to be used in the 
desalination process [34]. FTs work by converting hydraulic energy recovered from the brine 
stream into mechanical energy, via a shaft and then back into hydraulic energy or electrical 
energy. This shaft can then either be connected to the pump to assist with mechanically 
turning the pump (Figure 8) or it can be connected to a generator to provide electrical energy 
to the pump and other associated equipment [34, 35]. 
The disadvantage of the FT is that there are substantial energy losses accrued by each stage 
of energy change and a maximum energy efficiency of only 75% is achievable [33]. FTs are 
also designed and sized for very specific flows and pressures, once the flow and pressure fall 
outside of this design parameters, the efficiency quickly drops, with most FTs generally not 
recovering any energy unless 40% of the design parameters are achieved [33].  
FTs often do not run at optimal efficiency as the operational flow and pressure of desalination 
plants can vary significantly throughout the year due to changes in a number of factors 
including but not limited feedwater temperatures, salinity, membrane and filter fouling or 
ageing [33, 34]. 
2.5.1.4.1.2 Pelton Wheels 
Pelton wheels (PWs) act through much the same principles as the FTs, where they 
convert hydraulic energy from the brine water to mechanical energy and then back into 
hydraulic energy. It achieves this by means of directing pressurised brine water through a 
nozzle onto the vanes of the PW which in turn drives the wheel and shaft. This shaft is then 
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attached to the pump motor so as to assist in the driving of the pump, as can be seen in Figure 
8 [33, 34]. 
The PWs efficiency is claimed to be higher than that of the FT but varies greatly with the plant 
capacity and water recovery [33]. The PW can also operate over a greater range of operating 
conditions with only minimal loss of efficiency, but still have the same issue with only being 
able to produce energy when 40% of the optimal operating condition is met [33]. Other 
disadvantages of the PW include corrosion of the metal parts due to contact with the brine, 
the large footprint required and extra pumps required in order to take the depressurised 












Figure 8. Hydraulic to Mechanical Assisted Pumping as used by both Francis Turbines and Pelton Wheels [35] 
 
2.5.1.4.1.3 Turbochargers 
Turbochargers (TCs) are the next generation of ERDs to make their way into SWRO 
plants and has been specifically designed with RO systems in mind [33]. The TC consists of a 
turbine impeller and a pump impeller that are connected via a shaft, all housed within the 
same casing (Figure 9). This system is similar to that of the FT and PW in its turbine 
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configuration and that it transfers energy from hydraulic to mechanical and back to hydraulic, 
however, the TC has increased efficiency as it does not have the losses associated with the 
pump like the FT and PWs do [36]. 
 
Figure 9. Cross-section of a turbocharger [34] 
This system works by directing the brine flow from the membranes through a nozzle onto the 
turbine impeller, causing the turbine to spin. The turbine impeller transfers the energy 
extracted to the pump impeller, which then converts that energy into pressure energy into 
the feed water [34]. 
The TC is placed in series after the high pressure pump (HPP) (Figure 10) and can be thought 
of as a secondary booster pump that does not require any energy [35]. This means that the 
pressure required from the HPP is reduced, thereby reducing the energy required. 
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Figure 10. Hydraulically driven pumping in series [35] 
2.5.1.4.2 Positive Displacement Devices 
2.5.1.4.2.1 Pressure Exchangers 
Pressure exchangers (PE), otherwise known as isobaric ERDs, rely on the principle of 
positive displacement in order to operate. There are two main designs that are currently used 
in SWRO, one which includes the use of valves and pistons and the other which uses a single 
spinning cylindrical rotor. These ERDs can have an efficiency of above 95% [34]. This is 
achieved by eliminating any of the energy losses by converting the energy to mechanical 
energy, instead of transferring the energy directly from the brine water to the feed water[35]. 
PEs have been designed to be installed in parallel with the HPP as can be seen in Figure 11. 
The amount of feedwater that is diverted to the PE is matched to the amount of brine water 
coming out of the process. This means that the HPP does not need to pump at such a high 
flow rate, but there is no reduction in the pressure that the pump needs to produce [33, 35]. 
Running in parallel also requires the use of a secondary pump to make up for any losses 
incurred through the RO membranes, meaning that more power is required. As such PEs are 
more suited to larger RO plants that are pumping sufficiently high volumes through [33]. 
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Figure 11. Hydraulically driven pump in parallel [35] 
3 Methods 
The first step in designing any water treatment plant is to determine the quality of the 
feed water and any contaminants that are present. Once this has been established, the type 
of treatment required can be determined. In the case of HA/DR, this can be hard to determine 
in a first response situation; therefore various contaminants must be assumed to be present 
in the feed water and steps must be taken to mitigate the risks to both the equipment as well 
as to the health of the victims of the disaster. After the earthquake and tsunami that occurred 
on 28 September 2018 in Palu, various water samples were taken from a number of surface 
wells in the tsunami inundated areas of Lere Village to determine if there were any changes 
to the water quality. These samples returned water of various qualities, with most being 
saline, with a yellow colour and with a very distinct hydrogen sulphide odour. These results 
were the case for all wells bar one, which produced good quality water whereas in the past 
the water had been saline and contaminated by heavy metals [37].  
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The characteristics of a rapid response water treatment unit are that they are; 
 Able to provide the necessary quantity and quality of water 
 Portable 
 Lightweight 
 Easy to use – requires minimal training 
 Minimal or no external power is required. 
3.1 Preliminary System Options 
All RO units require the same basic steps in order to function and minimise damage to 
membranes and pumps. In order to protect the feed pump, large particulates are filtered out 
using various sizes of strainers. After the feed pump, the feed water is then required to go 
through various other filters to capture smaller particulates and remove other contaminants 
that can be damaging to the RO membranes and the high-pressure pump and energy recovery 
devices. 
With the characteristics and feed water qualities discussed earlier in mind, the initial design 
was for a larger, trailer-based water treatment system as can be seen in Figure 12. This system 
provided a large output of water but was not as portable or as lightweight as it could be. A 
second preliminary design was created to solve the portability problem faced by the trailer 
based system as can be seen in Figure 13. The main difference between these two preliminary 
designs is the inclusion of a sand filter in the trailer based system. By removing the sand filter 
for the second design, the system is much more compact and lightweight than the trailer 
based system; however, this also brings along its own set of challenges. Both systems 
incorporate the same necessary components that are required for the units to work in the 
best possible way and to prolong the life of the equipment.  
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Figure 12. Preliminary design of a trailer based system. 
 
Figure 13. Preliminary design of compact system. 
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These two systems were chosen for the preliminary designs as they met the criteria for 
portability and lightweight better than other, larger systems. If a larger unit were to be 
designed, then the unit would not be able to be removed from the vehicle carrying the unit. 
This is seen as a wasted resource, as the vehicle cannot be used for other purposes, either 
during the natural disaster or while it is being staged and waiting for use. 
In order to determine which unit would best meet the criteria for a first response water 
treatment unit, an MCA was developed using the criteria and scores from [38]. An example 
of the MCA developed can be seen in Table 7 and the criteria used to score are shown in Table 
8.  A sample of how scores were defined for the MCA used in table 7 [38]. 
 
with the full definition of scores available in Appendix A.1. 
Table 7 Multi Criteria Analysis with score weightings for preliminary designs adapted from [38] 




Table 8.  A sample of how scores were defined for the MCA used in table 7 [38]. 
  
 
3.2 AC vs DC 
There are two ways to provide the electrical current required to power an RO 
treatment unit, alternating current (AC) and direct current (DC). Each has its own advantages 
and disadvantages which have to be considered when designing a water treatment unit, a 
summary of which can be seen in Table 9. 





Complexity Costs Weight Size Efficiency Potential 
pump size 
AC Yes Higher Higher Higher Larger Lower Larger 
DC No Lower Lower Lower Smaller Higher Smaller 
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As can be seen in Table 9, an AC power system requires an inverter to convert the power 
supplied from the batteries to AC power. With the addition of an inverter, the complexity, 
cost, weight and size of an AC power system are all increased, while also reducing the overall 
system efficiency. To compensate for this decrease in efficiency extra solar PV panels need to 
be incorporated. This affects the cost, weight and size of the system.  
However, having an AC power system does increase the ability to increase the size of the 
pumps and therefore the production capacity of the unit when compared to a DC power 
system. 
3.3 Energy Recovery Devices 
Choosing an ERD for small scale RO is a difficult task to compl 
The process of choosing an ERD was a difficult one, as many variables have to be taken 
into consideration for determining the best solution for small scale reverse osmosis. A 
decision matrix has been created (Error! Reference source not found.) in order to determine 
the different characteristics and requirements of each type of ERD and the advantages and 
disadvantages of each. 










Maintenance AC only Specific energy 
consumption 
Turbocharger Yes No No Minimal Yes 5.4kWh/m3 
Pressure exchanger Yes Yes Yes Minimal Yes N/A 
Pressure intensifiers 
Clark Pump No No Yes Minimal No 6.67kWh/m3* 
Pearson Pump No No Yes Moderate No 4.0kWh/m3** 
 
30 | P a g e  
 
As can be seen from Error! Reference source not found., HPPs are required for both the TC 
and PE. By having a HPP, the power source is limited to AC only, which then affects the final 
weight and complexity of the final solution as an inverter is needed. This is reflected in the 
table as well, with both the TC and PE being only able to run with AC power. 
A booster pump is required only for the PE; this has an effect on the power consumption as a 
third pump is required and also adds to the complexity of the system and the constant 
adjustments that will need to be performed with varying feed water salinities and 
temperatures. 
A fixed recovery ratio is essential for small scale RO units with variable feed water salinities 
and temperatures. By having fixed ratios, there is no need for the units to be constantly 
adjusted to conditions, with the pressures and flux across the membranes remaining within 
tolerance at all times. This, however, also means that while the power consumption will be 
power at lower TDS values, the recovery ratio and permeate output will still remain at the 
same rate. 
Maintenance is also a characteristic that needs to be taken into consideration when choosing 
an ERD. The Pearson pump requires some moderate maintenance, with yearly oil changes 
required and valves inspected that will need replacing when a certain amount of run time is 
reached. The TC, PE and Clark pump all require minimal maintenance due to the materials 
that they are made from and their design. 
Whether the pumps associated with the ERDs can only run with AC power, as opposed to DC 
power, is important because then the solar PV array required needs to be larger to account 
for the inefficiencies of the inverter. With the addition of an inverter, it also means 
significantly more weight and complexity to the designs. 
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Finally, the power required per cubic meter of water gives a clear indication of the energy 
efficiency of the different ERDs. Here the power required for the TC was based on a system 
with 500 lph of permeate from feed water of 33,000 mg/l TDS and 25 °C. The Clark pump was 
based on a system that can produce 300 lph from the same feed conditions, while the Pearson 
Pump was based on a system that can provide 285 lph given the same feed conditions. The 
pressure exchanger power required was not calculated here as this pressure exchanger is not 
suitable for such low flows of permeate. 
3.4 Membrane Choice and Configuration 
The membranes are the heart of the treatment operation. They need to be chosen 
appropriately so that the amount of feed water and permeate falls within the parameters 
that are specified by the manufacturers and still provide the desired outcomes.  
In order to choose the membranes and their configuration, WAVE software by Dow Chemical 
Company is used. There are many ways that this software can be used to determine the 
treatment process, dependent on the known parameters, such as the desired permeate 
output, the type and amount of feedwater and the type of treatment desired.  
Figure 14 shows the first step for designing a water treatment system in WAVE software by 
DOW Chemical Company. At this step, there are input fields to design the system based on 
known variables. In this example, the RO treatment process is selected, a feedwater flow of 
1.5 m3/h and seawater is the feed water type. 
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Figure 14. The first step in designing a water treatment unit using WAVE software from DOW Chemical Company. 
 
Step two of designing a water treatment unit is to define the known physical and chemical 
parameters for the feed water. The example shown in Figure 15 shows the salinity of the feed 
water at 32,000 mg/L NaCl and 25 °C, which are the conditions in which most RO units and 
membranes are reported in. 
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Figure 15. Step two of planning using WAVE software by DOW Chemical Company. 
 
After the chemical and physical properties of the feedwater have been entered, the process 
moves to step three, which includes the selection and configuration of membranes. This step, 
seen in Figure 16, is the last step before calculations on the setup are performed and is also 
the most complex stage used. Many variables can be altered here, with each changing the 
outcome and complexity of the unit and will take some experimentation in order to optimise 
the system. 
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Figure 16. Step three of designing an RO plant. 
 
The first step in this stage of the process is to determine the permeate flow and recovery rate, 
which is calculated automatically from the pump feed flow and ERD recovery ratio. If the ERD 
recovery ratio is not known, then the feed pressure can also be used. Once these have been 
determined the membrane model and size needs to be selected. This page shows the 
specifications within the program, with an example of most of the seawater membranes on 
offer found in Table 11. It is then just a matter of finding the flow of permeate that best 
matches the permeate output determined previously. 
 
Table 11. Membrane specifications for DOW spiral wound seawater reverse osmosis membranes. 
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Table 11. Membrane specifications for DOW spiral wound seawater reverse osmosis membranes. 
 
 
Once the membrane model has been selected, the number of membranes (known as 
elements or Els in WAVE) per pressure vessels (PV) and PV per stage needs to be determined. 
Each element in Table 11 has a length of 40 inches, so this will determine the size of the PV 
and thereby, the overall size of the unit. The number of membranes required can be 
estimated by a combination of the recovery rate specified in Table 11 and the Product Data 
Sheet (PDS) (Figure 17) and by the use of trial and error. 
The number of stages, as well as the number of passes, also needs to be determined at this 
step. Determining the number of stages required relies on a number of variables, namely the 
number of membranes and PV’s. For instance, if a PV has two membranes within and a 
recovery rate of 20% is required, then only one stage is required. However, if a PV only has 
one membrane within and a recovery rate of 20% is required, then a second PV with a single 
membrane will be required and will be configured as a second stage. 
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An example of the configuration of the membranes can be seen in Figure 16. This example 
shows two membranes in a single pass, double stage setup, where the brine from the first 
membrane and pressure vessel is fed into the inlet of the second membrane and pressure 
vessel while the permeate from each pressure vessel is removed. 
 
 
Figure 17. Product Data Sheet for SW30 membranes of differing sizes 
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Figure 18. Final step of RO unit design, showing the calculated pressures, the TDS of the feed, brine and permeate. 
 
Figure 18 shows the final results that have been calculated, including the final TDS and 
permeate flow. This screen also shows any errors that may occur, such as the flow rate, flux 
or recovery rate being too high for the membranes, among other membrane parameters. If 
errors occur, then adjustments will need to be made to the flow rate, pressures, type and the 
configuration of the membranes. 
3.5 Pre-treatment 
The process of choosing the right pre-treatment can be a difficult one, with many 
variables having to be taken into consideration. The two main objectives of the pre-treatment 
are to remove physical and chemical contaminants from the feed water in order to reduce 
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the fouling potential of the membranes and minimise the damage that may occur to pumps 
and ERDs. 
Two decision matrices have been created in order to determine the different characteristics 
of each of the technologies identified. Table 12 details the characteristics of different types 
of activated carbon filters that have been considered, while Error! Reference source not 
found.Error! Reference source not found. details the characteristics of different types of 
physical filtration media. 
Table 12 Types of Activated Carbon filter media and their characteristics. 
 
As can be seen from Table 12, both granular activated carbon (GAC) and block activated 
carbon (BAC) are contained within a cartridge filter, whereas the powdered activated carbon 
(PAC) is contained within a tank. This affects the size of the filters. 
The size of the filters for both the GAC and BAC filters is small as they are contained within a 
filter cartridge, however, with the PAC, a tank is required for mixing the PAC before it is added 
to a filter tank. 
The contaminant removal of each filter is dependent on the granular size of the AC contained 
within the filter and the volume of the filter. With the size of the filters being equalised, it can 
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be noted that the GAC has a moderate removal capacity, while the BAC has a moderately 
large removal capacity due to some of the space being taken up by the binder and the PAC 
has a large removal capacity. 
Both GAC and PAC have the potential to release carbon fines through the system due to fines 
being within the filter and breakdown of the AC over time. The PAC also has the potential of 
releasing fines as it is not contained within a cartridge and relies on proper management of 
the flow rates and pressures through the filter. 
The flow rate capacity is also a factor to consider when choosing an AC filter as it is crucial to 
be able to balance the retention time of the feed water with the pressure drop and potential 
blockages of the pores. The GAC has a slower flow rate due to the size of the AC particles as 
well as the need for the AC to not become fluidised so that all of the feed water comes into 
contact with the AC, while the BAC has a higher flow rate due to its axial flow meaning that 
all feedwater comes into contact with the AC. The PAC flow rate is very dependent on the size 
of the filter tank that is used. 
There are also some training requirements when using the different types of AC, with GAC 
and BAC requiring minimal training, with only the need to determine when to replace the 
cartridges. In contrast, the PAC requires this determination as well as mixing of the PAC to 
form a slurry, requiring specific weights and mixing times to occur. 
Table 13. Types of physical filtration media and their characteristics. 
            Characteristic 
Type 
Size Weight Maintain or replace Supply chain 
Sand Large Heavy Maintain None 
Cartridge Small Light Replace Local parts 
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Error! Reference source not found.Error! Reference source not found. shows that the sand 
filter has the largest footprint when compared to the cartridge filters. This is also reflected in 
the table with the weight of the sand filter being much higher than that of the cartridge filters. 
Maintenance of filters is also an important aspect that needs to be considered, with the sand 
filter requiring some maintenance with backflushing, while with the cartridge filters are 
viewed as consumables and need to be replaced.  
This is also reflected in the supply chain characteristic, with the cartridge filters needing 
parts that can be found at local suppliers, but the sand filter needing no parts at all in order 
to maintain its filtration capacity. 
3.6 Feed Pump 
The process of choosing the right feed pump can be a long and tedious one, with many 
variables that need to be taken into consideration. The main objective of the feed pump is to 
transport feed water through the various pre-treatment filters and still be able to deliver the 
flow rate and pressure that is required by the ERD to operate. 
A process flow diagram, Figure 19, has been created in order to show the criteria that need 
to be calculated and met in order for the feed pump to be chosen. 
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Figure 19. Process flow diagram for feed pump choice. 
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As can be seen in Figure 19, the first criteria that has to be met is that the feed pump is able 
to be powered by the same source voltage as any other electrical components contained 
within the unit. 
The feed pump must also; 
 Be made of a suitable material that will not corrode in the presence is salt 
water, the main environment in which the unit will be used. 
 Be self-priming, this not only means that the pump will be able to suck feed 
water up from a greater depth, but also means that less training is needed in 
order to use the unit. 
 Be continuous duty, so that the pump can be run all day without the fear of 
having any pump damage occur. 
 Have outlet size the same size as the inlet to the ERD. This reduces the 
complexity of the system and means that only one sized pipe would need to 
be sourced should damage occur. 
 Be able to overcome any pressure drop caused by the pre-treatment process 
and still produce the flow rate and pressure required by the ERD. 
4 Results 
4.1 Preliminary System Options 
Using the scores defined by Loo et al. [38] the MCA shown in Table 7 was completed. 
This completed MCA, shown in Table 14, shows that the compact system is more suited to 
the objectives identified for an HA/DR water treatment unit, with the weighted scores being 
65 for the compact system and 56 for the trailer based system. 
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The ease of deployment, energy requirement and the ease of use factors were the main 
contributors to the decision of why the compact system would be more suitable. 
Table 14. Completed MCA for the preliminary designs. 
 
 
4.2 AC vs DC 
By using the decision matrix created in Table 9 and the weighting factors in the MCA 
that has been created by Loo et al. [38] (Appendix A.1) it has been determined that the 
solution that best fits the objectives of a water treatment system for HA/DR is a DC power 
system. 
This is mainly due to the ease of deployment consideration for each system, with the DC 
power system being smaller in overall size, weight and overall energy requirement of the 
whole system. 
4.3 Energy Recovery Devices 
Using Error! Reference source not found., it can be seen that the choice of ERDs can 
be reduced, with the TC and the PE both being unsuitable for the proposed use. This is 
because the TC is not suitable for small scale RO that is capable of treating water that has 
fluctuating salinity. Due to the fact that TCs do not have a fixed recovery ratio, the whole 
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system would need to be constantly monitored in order to maximise the output of the 
permeate without the parameters exceeding the membrane capacity and causing irreparable 
damage to them. The turbocharger also relies on high flow and pressure in order to provide 
the best efficiency. The flow and pressures required are also not obtainable by using DC 
pumps. 
Pressure enhancers have also been determined to be not suitable for this application, as while 
they have a fixed ratio recovery they work by reducing the flow requirements of the HPP, 
rather than reducing the pressure required from the HPP. Therefore, PEs still require the use 
of AC power to drive the HPPs at full operational capacity. 
This then reduced the options for ERDs to pressure intensifiers. The two options for pressure 
intensifiers identified were the Clark Pump and the Pearson Pump, with both being good 
candidates for inclusion in this project with the only major differences being the maintenance 
and power requirements. This distinction becomes more apparent once the specific models 
are looked at more closely. 
There are various models of the Clark Pump and the Pearson Pump available, with the Clark 
Pump coming in sizes up to 300 lph and the Pearson Pump starting at 285 lph up to 1575 lph. 
The largest Clark Pump based system that is able to be run with DC power has the capacity to 
produce 150 lph, while the smallest Pearson Pump that is capable of running on DC power, 
the SP5, has the capacity to produce 285 lph. 
Out of the two ERDs that have been identified as the most efficient and meet all the previous 
selection criteria in regards to power consumption and DC power, the SP5 Pearson Pump with 
a fixed recovery ratio of 20% has been deemed the most suitable. While the Pearson Pump 
does require more maintenance, the maintenance required is infrequent and can be 
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completed using local knowledge. This is offset by the ability to produce almost double the 
permeate of the Clark Pump while using less power. 
The SP5 Pearson Pump can be run at various speeds in order to cater for differing feed flow 
rates. As can be seen in appendix A.2, the Pearson pump can run at speeds between 700rpm 
and 1200 rpm, however it is recommended that the Pearson Pump be run at speeds between 
800 rpm and 1200 rpm, which corresponds to a feed flow rate of 5 – 7 gpm (19 - 26.5 lph). 
The optimal pump speed for the Pearson Pump is in the range of 900 – 1000 rpm. This equates 
to an optimal feed rate of 5.5 – 6 gpm (21 – 23 lpm) [39]. The pressure of the feed water at 
the inlet to the Pearson Pump also has to be between 10 – 20 psi (0.7 - 1.4 bar). 
4.4 Membrane Choice and Configuration 
After the decision on the ERD is made and the specifications are known it is then 
possible to choose the membranes and configuration of the system. The Pearson Pump SP5 
ERD that has been chosen has a fixed recovery ratio of 20% and a feed flow rate of 1.42 m3/h. 
This has been calculated to give a permeate flow rate of 0.285 m3/h, which equated to a 
permeate flow of 6.84 m3/d. 
Using the known permeate flow rate and the membrane specifications that can be seen in 
Table 11, the membranes that were chosen were SW30-4040 as they have a maximum 
permeate output of 7.4 m3/day. Table 11 also specifies that the recovery percentage of these 
membranes is 8% at 55.2 bar; this leads to the decision to try a design with two membranes 
in two stages. It was determined that having a single pass with two stages was optimal due to 
the size constraints of the objective, as can be seen in Figure 20. 
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Figure 20. Stage three of the final design RO unit. 
The final system design, shown in Figure 21, consists of two SW30-4040 membranes 
configured in a single pass, dual-stage configuration, with one Els per PV. Using this 
configuration, it can be seen that the pressure required in the membrane is 46.5 bar and the 
TDS of the permeate is 222.7 mg/L. This design also does not show any RO membrane errors, 
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Figure 21. Final specifications of the designed RO unit. 
 
Figure 22. RO flow table and design warnings for final design. 
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4.5 Pre-treatment 
Using the decision matrix created in Table 12 it can be seen that the choices of AC 
filters can be reduced immediately, with the PAC filter being the least suitable out of the 
options. This is because PAC filters require a high level of training and have a large size which 
impacts the ease of deployment and transport to disaster areas. 
GAC has also been determined to not be the most suitable AC filter. While it has many of the 
same characteristics of a BAC filter, it has a slower flow rate and smaller contaminant removal 
capacities. Most importantly, the GAC filter gives off carbon fines. This was the major reason 
why this filter was not deemed the most suitable, as it means a longer time to install the filter 
as flushing is required to remove the fines and also would require a small sized filter 
afterwards, meaning more possibility of the AC filter clogging from particulates and also 
prematurely clogging the filter required after this AC filter. 
This leaves the BAC filter as the most suitable AC filter for this unit. 
The BAC filter chosen for this project is a 20 inch by 2.5 inch cartridge filter with a 5 µm 
nominal rating made by Puretec Pty Ltd. This filter was chosen due to its low net pressure 
drop in the desired flow rate range and the flow rate that can be passed through the filter. 
As can be seen in appendix A. 3, the net pressure drop for this filter is 5.2 psi at 6 gpm, while 
the maximum flow rate for this filter is 30 lpm (7.9 gpm) [40].  
By using the decision matrix shown in Error! Reference source not found., it was determined 
that cartridge filters were the most suitable filters for this application. This is because the 
cartridge filters, although requiring replacement often, were also small in size and weight, 
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which is of high priority as it affects the ease of deployment, which has been determined to 
be one of the highest priorities of an HA/DR water treatment unit. 
There are three cartridge filters to be included for the pre-treatment of the feed water, with 
a filtration size of 20, 5 and 1.2 µm. The sizes and number of filters were chosen in order to 
not only protect the Pearson Pump, which requires the feed water to have particulates no 
larger than 5µm, but also to help protect the membranes that follow from fouling caused by 
particles greater than 1.2 µm. 
Cartridge filters that are 20 inches long by 2.5 inches in diameter have been chosen for usage 
in this project due to their lower pressure drop than a comparable 10 inch cartridge at the 
same flow rate, their larger dirt holding capacity, therefore longer serviceability of the 
cartridges, as well as their ability to be sourced locally, with the 20 inch by 2.5 inch size being 
one of the more popular sizes in Indonesia.  
The pressure drop across the different filter sizes for Hydrodex spun polypropylene melt 
blown filters can be seen in appendix A. 4 below. At a flow rate of 6 gpm a 20 µm filter has an 
initial pressure drop of just 0.4 psi, while the 5 µm and 1.2 µm have an initial pressure drop 
of 0.7 psi and 2.4 psi respectively, giving a total initial pressure drop of 3.5 psi [41]. 
4.6 Feed Pump 
By using the process flow diagram shown in Figure 19, it was determined that the 
best pump available that meets all of the criteria is a Jabsco ultra 7.0 Washdown Pump [42]. 
This pump comes in either a 12 V model or a 24 V model. In order to meet the first criteria 
of having the same voltage requirements as any previous components, the 24 V pump was 
selected as the Pearson Pump requires this voltage. 
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As this pump is designed for boating use as a washdown pump, the materials that the pump 
is made from do not corrode and are very suitable for use in a salt water environment. 
This pump also meets the criteria of being able to self-prime, self-priming up to 2.5 m, is a 
continuous duty pump and has the same outlet size as the ERD. 
Knowing the parameters for the Pearson Pump and the pressure drop across the pre-
treatment filters, we can calculate the flow rate that can be achieved with the feed pump at 
the Pearson Pump inlet and determine if the feed pump meets the flow rate required. With 
the maximum pressure allowed at the inlet of the Pearson Pump being 20 psi and the 
pressure drop across the pre-treatment filters being 8.7 psi at 6 gpm, the maximum 
pressure that the feed pump can deliver will be 28.7 psi. Using appendix A. 5 it is able to be 
determined that a pressure of 28.7 psi from the feed pump will provide a flow rate of 
approximately 6.25 gpm, which is well within the flow rate parameters of the Pearson 
Pump. 
5 Discussion 
The final system configuration can be seen in Figure 23. It uses 1336 W of power to 
produce 295 lph of fresh water from feed water of 35,000 mg/l TDS, with less power required 
if the TDS is lower. The intake hose can be put into any source of feed water as long as the 
source can produce more than 1476 lph of feed water and the water is no more than 2.4 m 
lower than the pump inlet. 
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Figure 23.Process schematic of the final design. 1) coarse strainer, 2) in-line disc filter, 3) diaphragm feed pump, 4) 20µm 
filter cartridge, 5) 5µm filter cartridge, 6) 1µm filter cartridge, 7) block activated carbon filter cartridge, 8) Person Pump 
ERD, 9) spiral wound RO membranes. 
  
Attached to the end of the intake hose is a coarse strainer (1) to remove particulates that are 
greater than 595 µm such as leaves, sticks and seaweed. The feed water then moves through 
an inline disc filter (2) which removes particulates greater than 100 µm. This is a lot smaller 
than is required to protect the feed pump from damage and reduces the clogging potential of 
the filters that follow and therefore reduces costs in the long run. This filter is also easily 
cleaned and reused, reducing overall costs even further. The feed continues to the feed pump 
(3), a Jabsco Ultra 7.0 Washdown Pump, that is capable of supplying the correct amount of 
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flow and pressure to the components further down the line, while only using 336 W of power 
at 24 V.  
After the feed pump there is a pre filter pressure gauge, a set of four 20” x 2.5” cartridge 
filters and a post filter pressure gauge. The first three filters (4, 5, 6) are polypropylene spun 
filters with a pore size of 20 µm, 5 µm and 1 µm respectively. This reduces the NTU and the 
SDI of the feed water, preventing physical damage to the Pearson Pump and prolonging the 
life of the membranes that follow by reducing the fouling potential of the feed. The fourth 
filter (7) is a BAC filter, which has the capacity to remove various organic molecules, but has 
been included here mainly for its chlorine removal properties. While this filter has a pore size 
of 5 µm and can be used as a solids filter, it was decided that it would be better utilised after 
the spun filters where the full capacity of the filter to remove chlorine and other organics 
could be used, rather than the filter being clogged with particulates and needing premature 
replacement. 
The feed then passes through the SP5 Pearson Pump with a 20% fixed ratio (8), where the 
pressure is increased from the 10-20 psi that has been delivered from the feed pump to the 
required pressure for desalination, before being delivered to the membranes. Two DOW 
Filtmtec SW30-4040 membranes (9) have been arranged to be in a first pass, two-stage 
configuration. This means that the feed water has passes through membrane one where it is 
split into brine and permeate streams. The brine solution passes a pressure gauge and is 
delivered to the inlet of membrane two where it is split into brine and permeate again. The 
brine from membrane two then travels back to the Pearson Pump where it transfers its energy 
to the feed solution before being discharged back to the environment. Meanwhile the 
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permeate from both membranes is collected and piped together through a flow meter to a 
distribution point or tank provided by the community. 
In order to minimise the fouling of the membranes and filters, the system is required to be 
flushed with chlorine free water if the system is not intended to be used for a period of greater 
than 12 hours. In order to facilitate this a tank must be provided by the community that is 
able to hold 200 litres, with this tank being filled up before any water is sent to the separate 
POU tank. If the unit is to be stored for periods of longer than 5 days without use, then other 
chemical treatments must be employed. 
The control panel of the unit houses the various pressure gauges and flow meters in order to 
facilitate correct operation and identify when maintenance of the unit is required. These can 
be broadly classified into two areas of the unit; pre-treatment monitoring and post treatment 
monitoring. 
The pre-treatment monitoring includes the pre filter and post filter pressure gauges and the 
feed flow meter. By observing the difference between the pre and post filter pressures it is 
possible to determine if the pre-treatment filters require cleaning and/or replacement and is 
also used to ensure that the feed pressure falls within the range required by the Pearson 
Pump. The feed flow meter is used to control the flow and pressure that is getting to the 
Pearson Pump. By restricting the flow, within the limits of the Pearson Pump, the pressure of 
the feed will also be affected. 
The post treatment monitoring includes a membrane pressure gauge and a permeate flow 
meter. By observing the gauge and meter it is possible to determine the condition of the 
membranes and if they require any maintenance. The membrane pressure gauge monitors 
the brine output pressure of the first membrane and is to ensure that the pressure does not 
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exceed the specified tolerance of the membrane, therefore avoiding damage to the 
membranes, while the permeate flow meter is used to monitor the permeate flow and ensure 
that the flow rate does not vary significantly. Using a combination of these gauges and having 
recorded previous measurements including the feed TDS it is possible to make a judgement 
on if the membranes require a chemical clean to reduce the fouling that has occurred. For 
example if the feed TDS is the same as previous, but the membrane pressure has increased 
and is close to the upper limit of the membranes, while the permeate flow has decreased, 
then this indicates that there is some fouling that has occurred on the membranes and a 
chemical clean will need to be undertaken. 
6 Further Research 
A number of areas have been identified for future work that will assist in the completion of 
this unit in order for it to become a reality and be used in providing potable water in disaster 
relief situations. 
6.1 Power and Batteries Required 
The power required to run this unit has not been provided for in this study. There is a need 
for further study in this area to determine the best type of batteries and solar panels required, 
as well as the amount of power generating capacity. 
6.2 Packaging 
The unit also needs to be designed and packed in such a way that it is to be portable. While 
this study has focussed on the components required to treat the water to an acceptable 
standard while keeping the weight and size down, it has not covered how the unit would be 
packaged in order to maximise the portability of the unit. 
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7 Conclusion 
In conducting this study, the author was able to gain a greater understanding of natural 
disasters, the mechanisms that cause them and the current water provision practices in 
disaster relief situations in Indonesia and around the world. By analysing different disaster 
response situations and the different water qualities encountered, a solution based on 
current technology has been proposed to aid in the provision of water in first response 
disaster relief situations. 
Through research and investigation into the current technologies available to treat polluted 
freshwater, brackish water as well as saline water it is evident that reverse osmosis using 
membrane technology is the best solution for disaster relief situations. This however only 
accounts for half of the solution. With traditional RO being very energy intensive further 
research was needed into technology that is capable of significantly reducing the energy 
requirements of the unit, whilst still providing a large amount of water in a small, portable 
unit. Various energy recovery devices have been investigated in response to this and the 
Spectra Water Pearson Pump has been identified as the ERD that is most suitable. 
The Spectra Water Pearson Pump reduces the energy required by 75% over a conventional 
RO setup, thus allowing the unit to be powered via DC electricity and enabling the unit to be 
reduced in size and complexity. The Pearson Pump also has a fixed recovery ratio, meaning 
that it has the ability to adjust to the varying pressures needed to treat waters of varying TDS 
without any adjustment needed. 
The final unit design consists of a DC diaphragm feed pump, various filters, an SP5 Pearson 
Pump with 20% recovery ratio and two RO spiral wound membranes. All of these components 
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have been chosen due to their size and treatment capacity for the varying contaminants that 
are present in waters in a disaster relief situation. 
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9 Appendix 
A.1 Multi-criteria analysis for water treatment technologies in disaster zones and there evaluation criteria. 
 Full multi-criteria analysis developed by Loo et al [38] to evaluate different water treatment technologies in disaster areas and how the scores are 
defined. 





















1 3 3 1 2 2 3 3 1 3 
             
             
 
Definition of Scores 
Evaluation 
Criteria 
1 2 3 4 5 
Costs Very high cost per litre 
(>1.00 US $/L) 
Moderate cost per litre 
(0.10 -100 US $/L) 
Low cost per litre 
(0.01 - 0.10 US $/L) 
Low cost per litre (<0.01 
US $/L) 
Only one-time cost is 




Large and heavy; 
require construction 
and assembly of the 
whole system onsite 
Large and heavy; 
require relatively 
extensive assembly of 
parts of the system 
Moderately large 
and heavy; require 
some simple set-up 
of the WT 
Light and small sized; 
require some simple 
household materials for 
set-up. 
Light and small sized; 
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Ease of use Very complicated 
process design; can 
only be operated by 
skilled operator 
Difficult to be operated 
by un skilled personnel; 
require determination 
of proper dosage of 
chemicals 
Require some simple 
training to user; long 
treatment time 
(>1h) 
Simple training is 
required to start using; 
short treatment time 
(<1h) 
Essentially no 
training required to 
start using; short 














mild effect; small 
quantity 




Does not produce 
any environmentally 
malign by-products; 




















Performance Modest microbes 
removal; treatment 
performance is 
affected by variations 






affected by variations 
in source water quality; 
can remove turbidity 
Excellent microbes 
removal; treatment 
performance is not 
affected by 






performance is not 
affected by variations in 
source water quality; 
can remove turbidity 
Excellent microbes 
removal; treatment 
performance is not 
affected by variations 
in source water 
quality; can remove a 
wide range of 
contaminants (either 
chemicals or salt) 




No visual improvement 
of treated water; 
treated water may 
have objectionable 
taste; may produce 
harmful by-products or 
does not produce pure 
water but a sweetened 
drink 
No visual improvement 
of treated water; no 
objectionable taste 
Visual improvement 
of created water; 
involve addition of 
chemicals into water 
which may not be 
acceptable to some 
users; no 
objectionable taste 
Visual improvement of 
treated water; does not 
result in objectionable 






Uses large amount of 
energy and cannot be 
powered by renewable 
energy 
Uses a large amount of 
energy but can be 
powered by renewable 
energy  
Can be powered by 
small hand pump or 
bicycle 
Require energy/fuel for 
operation but do not 




fed or mouth 
suction) 
Supply chain Require continuous 
supply of consumables; 
consumables are only 
available from specific 
vendors 
Periodic replacement 
of damaged parts; 
replacement parts are 







Periodic replacement of 
damaged parts; uses 
off-the-shelf-materials 




Very low yield (<3 
L/day) 
Low yield; depends on 
meteorological 
conditions 
Moderate yield High yield; can serve a 
small community of 
people or household 
High yield; can be 
used to serve a large 
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A. 2 SP5 Pearson Pump specifications. 
Feed flow vs RPM of SP5 Pearson Pump and Permeate flow vs RPM for a 20% fixed 
recovery Pearson Pump [39] 
 
 
A. 3 Specifications for Puretec carbon filters 
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Model Dimensions Micron Rating 
(nominal) 
Flow (lpm) 
10” CB051 Standard 2.5” x 10” 5 16 
CB101 Standard 2.5” x 10” 10 18 
20” CB052 Standard 2.5” x 20” 5 30 
CB102 Standard 2.5” x 20” 10 32 
 
 
A. 4 Specification of Hydrodex spun polypropylene melt-blown cartridges. 
 Flow rate vs pressure differential of Hydrodex Spun Polypropylene Melt-blown filter 
cartridges [41]  
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A. 5 Performance curve of Jabsco feed pump 
 Performance curve of the Jabsco Ultra 7.0 washdown pump [42]
 
